genotypes. We amplified a 330-bp fragment (5342-5671of Norwalk virus M87661) of the 9 1 capsid gene (GI) with the consensus forward primer NV-GIF1 (5'-CTG CCC GAA TTY GTA 9 2
AAT GAT CAT-3') and the reverse primer NV-GIR1 (5'-CCA ACC CAR CCA TTR TAC 9 3
ATY TG-3') (9). We also amplified a 341-bp (5061-5401 of Lordsdale virus X86557) 9 4
fragment of the capsid gene (GII) harboring the consensus forward primer NV-GIIF1 (5'-9 5
GGG AGG GCG ATC GCA ATC T-3') and the reverse primer NV-GIIR1 (5'-CCR CCI GCA 9 6
TRI CCR TTR TAC AT-3') (9). The reaction was conducted with an initial reverse 9 7
transcription step at 50°C for 30 min, followed by PCR activation at 95°C for 15 min, then 35 9 8
cycles of amplification (45 s at 94°C, 50 s at 58°C, and 45 s at 72°C), and a final extension 9 9
step of 10 min at 72°C in a PCR System Px2 thermal cycler (Thermo Hybaid, Middlesex, 1 0 0 UK). The PCR products were run on 1.5% agarose gel, stained with ethidium bromide and 1 0 1 visualized under UV light. The products were extracted using a QIAquick PCR purification 1 0 2 kit (QIAGEN, Hilden, Germany) and were sequenced by Genotech (Daejeon, South Korea). 1 0 3
The phylogenetic analyses were conducted using the DNASTAR version 5.07 software 1 0 4
package. The DNA sequences were aligned via the Clustal W method. The dendrograms were 1 0 5
constructed via the neighbor-joining method. 1 0 6
Among the 762 stool specimens, 114 (15.0%) fecal samples were identified as NoVs by 1 0 7
RT-PCR and nucleotide sequence analysis. Twelve (10.5%) of the 114 specimens were 1 0 8
determined to belong to genogroup I strains and 102 (89.5%) of the 114 specimens belonged 1 0 9
to the genogroup II strains.
Whereas 12 GI NoVs among the total 114 NoVs were classified further into only one 1 1 1
genotype, GI/6 accounting for 10.5% (12 of 114), 102 GII NoVs were classified further into 1 1 2 GII/2, GII/3, GII/4, GII/5, GII/6, GII/8 as well as a C1-120 genotype accounting for 0.9% ( 114), and 0.9% (1 of 114), respectively. The NoVs identified in this study were constructed 1 1 5 The difference in NoV infection rate between the males and females was not significant 1 1 8
A C C E P T E D
(50.9% and 49.1%, respectively) (data not shown). Distribution of norovirus genogroups in 1 1 9 children with acute gastroenteritis by age was as followed; 49 (0-1 age), 36 (1-2 age), 21 (2-3 1 2 0 age) 7 (3-4 age), and 1 (4-5 age). Although NoV infections were detected in all age groups, 1 2 1
NoV infections were found most frequently in the <1 year of age group (43.0%; 49 of 114). It 1 2 2
was also determined that most of the NoV infections occurred in children < 2 years of age 1 2 3
(74.6%, 85 of 114). 1 2 4
NoVs were continuously detected throughout the year, but the principal peaks of detection 1 2 5
in South Korea were in December, March, and October (Fig. 2) . GI NoV infections exhibited 1 2 6 a peak in December, corresponding to the winter season, whereas GII NoV infections 1 2 7
evidenced two peaks, in March and October, corresponding to the spring and fall, respectively. 1 2 8
The peaks for GI NoV infections preceded those for GII NoV infections by at least 3 months. 1 2 9
NoVs, which cause acute gastroenteritis, have emerged as an increasingly urgent public 1 3 0 health problem in societies and hospitals. Due to the absence of a cell culture system and 1 3 1 experimental animal model for NoVs, the development of sensitive diagnostic methods for 1 3 2 the detection of these viruses is required. With the introduction of RT-PCR and ELISA as a 1 3 3 diagnostic method, NoV has become to be understood as an important etiologic agent of 1 3 4 acute gastroenteritis worldwide (4). Although another previous report was conducted 1 3 5
regarding NoV infections in South Korea, in which outbreaks of NoV in Jeju Island, South 1 3 6
Korea were described (9), it remains an open question as to whether many various genotypes 1 3 7
of NoVs were actually detected in these outbreaks. Our results demonstrated that the detected NoV belonged to two distinct genogroups, 1 3 9
namely genogroup I and II (GI and GII), and these represented 10.5% and 89.5%, 1 4 0 respectively. These findings were concordant with previous epidemiological studies 1 4 1 conducted worldwide; NoV GI was consistently present at low incidence in fecal specimens 1 4 2 when compared to NoV GII (11, 12) . Among the NoV GII isolates, we detected one strain, 1 4 3 C1-120 which showed a low identity (79.3%) with the closest references, Nov GII 13and GII 1 4 4
17, respectively, on the basis of 305 bp region (5085-5389 of Lordsdale virus X86557) of 1 4 5
Nov capsid gene ( Figure 1B ).
The overall frequency (15.0%) of NoV detected in our study is consistent with previous 1 4 7
reports regarding the molecular epidemiology of NoV infection worldwide, in which the 1 4 8
prevalence falls within a range of 6% to 19% (1, 5, 6). The highest incidence of NoV 1 4 9
infection was in the 1-year old group, and the incidence rate decreased with increasing age 1 5 0 over 2 years. 1 5 1
In many countries, NoV infections prevail during the winter months (10, 13), though 1 5 2 several studies evidenced a peak of seasonal distribution (7, 13). In our study, the principal 1 5 3
peaks of NoV infection were in December (in GI) and in March and October (in GII). However, the seasonality pattern observed in this study must be analyzed with caution, as our 1 5 7 study involved only a 1-year detection period; longer periods will be required in order to 1 5 8 determine with more accuracy the possible pattern of seasonality. 1 5 9
Our study will be the first large-scale epidemiological study in South Korea showing 1 6 0 diverse NoVs genogroups and a potential novel strain from huge samples of 8 hospitals 1 6 1 located in a variety of provinces. Nevertheless, continuous epidemiological studies and 1 6 2 monitoring of NoV infections in South Korea will be necessary to effectively and efficiently 1 6 3 address and solve public health problems in South Korea communities. 
